The aim of this study is to investigate the effect of material property changes in the spinal components on the resonant frequency characteristics of the human spine.
Introduction
According to the surveys conducted on truck drivers and other drivers, chronic occupational whole body vibration (WBV) exposure might accelerate lumbar spine degeneration and structural changes (Wilder et al., 1982) . Low back pain and degenerative diseases of the human spine were more frequently found among vehicle (Fig. 3) indicate that the elastic modulus variation of disc annulus has greater influence than other disc components. Fig. 4 exhibits the effect of elastic modulus variations of ligaments on the resonant frequencies of the model. The results (Fig. 4) show that the influence of elastic modulus variations in LT2 is slightly greater than that in LT1. Of all the spinal components, the disc annulus took the most prominent contribution on the resonant frequency of the human spine ( Fig. 5 and Fig. 6 ).
Therefore, additional analyses were carried out to understand the influence of Young's modulus variation of disc annulus on the resonant frequency of the human spine. Fig. 7 illustrates the resonant frequency and relative frequency percentage change of the model due to the variations (against the basic model) of Young's modulus of disc annulus. It can be found that the relative percentage changes of the resonant frequencies of the model varied from -29.0% to 15.5% while the Young's modulus of disc annulus varied from 0.84MPa to 7.56MPa. The figure (Fig. 7) also shows that the resonant frequency of the human spine model will decrease remarkably when the Young's modulus of disc annulus is less than 2.0.
In addition, the variation effect of Possion's ratio of nucleus pulpous on the resonant frequency of the human spine was also analyzed. The results show that the resonant frequency of the human spine might decrease by 18% and 16% if Possion's ratio of nucleus pulposus decreased by 30% and 20% against the material property of the basic model, respectively. Fig. 2, Fig. 3 and Fig. 4, they show the intervertebral disc is a main component influencing the resonant frequency of the human spine (Fig. 3, Fig. 5 and Fig. 6 ). In addition, in other material property sensitivity studies (Kumaresan et al., 1999a; Ng et al., 2004) under static compression loading, the similar findings were also achieved. Kumaresan et al.
(Kumaresan et al., 1999a) had reported that the material property variations in intervertebral discs result in significant changes in the angular rotation and disc stress. Of all the components in the intervertebral disc, the annulus ground substance has a significant influence on the vertical resonant frequencies of the spine by comparing with nucleus pulposus and annulus fibers (Fig. 3 and Fig. 5 As shown in Fig 3, the nucleus pulposus (DT1) is less sensitive than annulus (DT2) though it has lower elastic modulus than annulus ground substance in this study. The reason is that the nucleus pulposus is enclosed within the annulus and two vertebrae. Generally, the Young's modulus of nucleus pulposus will increase with aging and degeneration of the spine (Keller et al., 1990) . However, while the For the serious degeneration with cave emergence, this phenomenon will reduce the vertical resonant frequency of the spine. However, for the serious degeneration of the spine, the loss of disc height (Kumaresan et al., 1999a) may also increase the resonant frequency.
Of all the components in the intervertebral disc, the disc annulus takes a quite prominent contribution on the resonant frequency of the human spine ( Fig. 5 and Fig.   6 ). Therefore, it is necessary to further understand how the Young's modulus of the annulus ground substance affects the resonant frequency of the FE model of human spine. From Fig. 7 , it can be found that the percentage change of the resonant frequency relative to the basic condition is more than 20% if the Young's modulus of disc annulus is less than 1.5 MPa, and the relative percentage changes of the resonant frequencies of the model is nonlinear and likes a part of conjugate hyperbolas. The degressive rate of the relative percentage change is faster due to the decrease of elastic modulus of the disc annulus than the ascensive rate due to the increase of elastic modulus of the disc annulus (Fig. 7) . This implies that young individuals might have low resonant frequency on the condition that the person was with same weight of trunk mass. Going with increase of age, the rigidity or elastic modulus of annulus fibrous will increase (Keller et al., 1989) , even severe degeneration for elders, those might increase the resonant frequency of the spine. Table 1 The Table 2 The analyzed component groups of the human spine in this study. Table 2 . The normal value means that no change is given to the material property parameters of the spinal components and the normal values are shown in Table 1 . The high value and low value in the figure, as well as the following relevant figures, mean that the material property parameters are increased or decreased by 30%, respectively. Table 2 . Table 2 . 
List of Tables

Tables
